Early experience with continuous
Abstract
Early experience with continuous monitoring of jugular venous oxygen saturation (SjvO2) suggested that this technology might allow early identification of global cerebral ischaemia in patients with severe head injury. The purpose of the present study was to examine the relationship between episodes of jugular venous desaturation and neurological outcome. One hundred and sixteen severely head-injured patients had continuous monitoring of SjvO, during days 1-5 after injury. Episodes of jugular venous desaturation (SjvO, < 50% for more than 10 minutes) were prospectively identified, and the incidence of desaturation was correlated with neurological outcome: 77 episodes of desaturation occurred in 46 of the 116 patients; 27 had one episode and 19 had multiple episodes of desaturation. The causes of these episodes were systemic (n = 36), cerebral (n = 35), or both (n = 6). Most of the episodes were less than 1 hour in duration, and it is probable that many of them would not have been detected without continuous measurement of SjvO,. Episodes of desaturation were most common on day 1 after injury, and were twice as common in patients with a reduced cerebral blood flow as in patients with a normal or elevated cerebral blood flow. The occurrence of jugular venous desaturation was strongly associated with a poor neurological outcome. The percentage of patients with a poor neurological outcome was 90% with multiple episodes of desaturation and 74% in patients with one desaturation, compared to 55% in patients with no episodes of desaturation. When adjusted for all co-variates that were found to be significant, including age, Glasgow coma score, pupillary reactivity, type of injury, lowest recorded cerebral perfusion pressure, and highest recorded temperature, the incidence of desaturation remained significantly associated with a poor outcome. Although a cause and effect relationship with outcome cannot be established in this study, the data suggest that monitoring SjvO, might allow early identification and therefore treatment of many types of secondary injury to the brain. (7 Neurol Neurosurg Psychiatry 1994; 57:717-723) A number of physiological factors have been related to outcome after severe head injury. Intracranial hypertension, systemic hypotension, arterial hypoxia, and hypocapnia have been implicated as causes of cerebral hypoxia/ischaemia and have been associated with a poor neurological outcome. '-6 Early experience with continuous monitoring of jugular venous oxygen saturation (SjvO,) using a fibroptic catheter had suggested that this technology might allow early identification of both cerebral ischaemia resulting from systemic and cerebral causes and transient episodes of ischaemia which would otherwise go undetected and untreated.7-'2 More recent studies have suggested that SjvO2 monitoring might help determine optimal hyperventilation"3 and, combined with transcranial Doppler measurements, optimal cerebral perfusion pressure.'4 15 The purpose of the present study was to examine the relationship between episodes of jugular venous desaturation and neurological outcome in patients who had sustained a severe head injury.
Patients and methods

PATIENT POPULATION AND MANAGEMENT
Between 15 July 1989 and 30 September 1992, 116 patients admitted consecutively to Ben Taub General Hospital, Houston, Texas, USA, with a severe head injury (Glasgow coma scale, GCS < 8) had continuous measurements of SjvO2 using a fibroptic oxygen saturation catheter (4 French gauge catheter, Abbott Laboratories, North Chicago IL, United States) positioned in the jugular bulb. The accuracy of the oxygen saturation measurements obtained with this catheter has been described in a previous publication. 12 The protocol was approved by the Baylor Institutional Review Board and informed consent was obtained from the families of the patients participating in the study.
Ninety per cent of the patients studied were male; most were between the ages of 16 and 35, with an average age of 31-5 (SD 14-7) years. Eighty-six per cent of the patients studied had a closed head injury, whereas the remaining 14% had a gunshot wound to the head. Eighty per cent of the patients were comatose on admission to the hospital. The GCS after resuscitation was 3-5 in 34% of the patients and 6-8 in 46%. Twenty per cent of the patients had an initial GCS of >8, but deteriorated to coma within 48 hours of injury. The average GCS was 6-9 (SD 3 0) on arrival in the emergency room, and 6 8 (SD 2-3) on day 1 after injury.
All patients were managed with a protocol that emphasised prompt evacuation of intracranial haematomas and prevention of secondary insults to the brain. Patients were intubated and ventilated to maintain a PaO, of at least 100 mmHg and a PaCO, of about 35 mmHg. Intracranial pressure (ICP) was monitored, usually by ventriculostomy, and pressure >20 mmHg were treated. Intracranial hypertension was treated with cerebrospinal fluid drainage, hyperventilation (PaCO, 25- Episodes of jugular venous desaturation, defined as an SjvO, <50% for more than 10 minutes, were identified prospectively. The first task was to verify the accuracy of the catheter at the time of the desaturation, this is because, as discussed in a previous report, the catheter is subject to artefactual readings from movement of the catheter within the jugular bulb. '2 In the 116 patients, 172 episodes of jugular venous desaturation were identified initially. On investigation, 95 (55 2%) of the episodes could not be confirmed by measuring SO2 in a blood sample drawn through the catheter.
Once it was confirmed that the SjvO2 was <50% in a blood sample drawn through the catheter, it was necessary to identify the cause. Systemic causes of reduced oxygen delivery were sought by examining blood pressure, arterial blood gases, and haemoglobin concentration; ICP and CPP were noted. If an obvious cause was not found, cerebral blood flow was measured. When a remediable cause for the desaturation was found the appropriate treatment was applied. Summary data are reported as the mean ± standard deviation. Categorical variables were analysed using X-square whereas differences in means were tested using a one-way analysis of variance. Statistical significance was defined as p < 005 for primary effects.
Multiple logistic regression analysis was used to determine the contribution of more than one variable to the outcome and to the occurrence of desaturations. The model was fitted in a forward selection manner. Covariates in the multiple logistic regressions were included when p < 0-20. The final model contains only those additional variables that were significantly associated with outcome.
Results
CONFIRMED EPISODES OF JUGULAR VENOUS DESATURATION
Seventy-seven episodes of jugular venous desaturation, defined as SjvO2 <50% for more than 10 minutes, were identified prospectively and confirmed in 46 of 1 16 patients. The episodes were confirmed by measuring SO2 in a blood sample drawn through the catheter. 12 24 Figure 1 Two patients exhibiting different effects of hyperventilation on SjvO2. The patient whose data are shown in A had a marked decrease in CBF and SjvO2 when (PCO2 was decreased to 3-3 kPa (25 mmHg). These abnormalities reversed when the ventilator was adjusted to normalise PCO2. The patient whose data is shown in B had acceptable CBF and SjvO2 with similar PC02 values of 2-7-3-3 kPa (20-25 mmHg).
The SjvO2 values at the time of the identification ranged from 17% to 49%, averaging 39*3 +11-7%.
Twenty-seven (23-3%) of the patients had one episode, 11 (9 5%) two episodes, and eight (6 9%) more than two episodes of desaturation. Demographic characteristics, type of injury, severity of injury, and presence of systemic injuries were not significantly related to the incidence of desaturation (table 1) .
The incidence of jugular venous desaturation was more common early after injury. Twenty-eight (36 8%) of the 77 episodes of desaturation occurred within 24 hours of admission to the neuro-intensive care unit. There were 13, 10, 12, and seven episodes on days 2-5 after injury, respectively. Only seven episodes occurred after day 5, with a mean onset of the episodes of desaturation of 53 9
(SD 47'9) hours after admission to the nonintensive care unit.
Duration of the 77 episodes of desaturation ranged from 15 minutes to five hours; 57 (75%) were less than one hour. The mean duration of all the episodes was 1 2 (SD 1-6) hours.
The causes of the jugular venous oxygen desaturation could be identified as having a cerebral origin in 35 episodes, arising from intracranial hypertension in 34 and vasospasm in one case. The most common systemic cause was hypocarbia, defined as a PaCO, < 3-7 kPa (28 mmHg) (n = 21), followed by systemic hypotension, defined as systolic blood pressure < 90 mmHg (n = 8), arterial hypoxia, defined as an SaO, < 90% (n = 6), and anaemia (n = 1). Combinations of both systemic and cerebral causes were observed in six episodes.
UNIQUE INFORMATION PROVIDED BY
MONITORING OF SjvO2
An example of hypocarbia producing jugular venous desaturation is given in figure 1 which illustrates two patients with very different responses to lowering PCO2 to 3-3 kPa (25 mmHg). One patient developed a very low SjvO2 and a low CBF which returned to (fig 4) . The mortality rate of patients with no episodes of desaturation was 17%, compared to 41% in patients with one desaturation, and 68% in those with multiple desaturations. The percentage of patients with a poor neurological outcome (GOS of severe disability, vegetative, or dead) was 55% in patients with no desaturation, 74% in those with one desaturation, and 89-5% in those with multiple desaturations. The total duration of time that SjvO, was less than 50% was significantly longer (p = 0 002) in the patients who died than in the patients who survived. The (4) 32 (4) 29 (2) The severity of injury was examined in the emergency room by using the best GCS and pupillary reactivity on day 1 after injury. The GCS after resuscitation in the emergency room was not significantly associated with neurological outcome, but the best GCS on day 1 after injury had a strong relationship to outcome, averaging 8-1 (SD 2.3) in patients with a favourable outcome, compared to 6-5 (SD 2.7) in patients with a poor outcome, and 5-5 (SD 2-2) in patients who died. Pupillary size and reactivity in the emergency room and on day 1 were strongly related to outcome. Patients who died of their head injury had a higher incidence of one or both pupils being dilated and unreactive.
Sixteen (14%) of the patients had a gunshot wound to the head and 100 (86%) had closed head injuries. The type of closed head injury was classified as described by the Traumatic Coma Data Bank group.19 Thirtyeight (38%) of the patients with closed head injuries had one of the four categories of diffuse injury (6-I, 19-II, 1 1 -III, and 2-IV). Fifty-four (54%) had evacuated haematomas of at least 25 ml in volume, and eight (8%) had unevacuated haematomas. The neurological outcome of patients with diffuse lesions was significantly better than for those with haematomas and gunshot wounds. Twenty-one (55%) of the 38 patients with diffuse lesions had a favourable outcome compared to only 16 (26%) of the 62 patients with haematomas and three (19%) of the 16 patients with gunshot wounds. The mortality rate was 16% in patients with diffuse injuries, 43-5% in those with haematomas, and 19% in those with gunshot wounds.
The injury severity score (ISS) was used to assess whether multiple systemic injuries were associated with neurological outcome. An ISS (6) 22 (9) 21 (12) 43 (1) 34 (2) <0-001 51 (7) 50 (9) 45 ( was <30% for more than 10 minutes. 22 The critical duration of ischaemia necessary to produce injury is not known, but experimental studies suggest that brief episodes of ischaemia can be injurious, particularly if they are repeated. Cerebral oedema and brain tissue injury were more severe in gerbils sacrificed 24 hours after three separate five-minute periods of bilateral carotid occlusion at one-hour intervals than in animals which received a single 15-minute occlusion.2 '25 There are several limitations to the methodology of the present study which might have underestimated the actual incidence of cerebral ischaemia. SjvO2 values are a measure of global cerebral oxygenation, and significant regional ischaemia can occur in the presence of a normal SjvO2 value. Systemic insults on admission to the hospital have been shown to increase mortality rate approximately twofold.3426 Andrews et al27 found a significant incidence of secondary insults during within hospital transfers of head injured patients. Insults before admission and during transfer were not monitored in the present study. Very low CBF values, suggesting ischaemia have been described after a severe head injury, but only commonly within the first eight hours.28 29 The average start time of SjvO2 monitoring in the present study was 17 hours after admission.
The present study demonstrates that episodes of jugular venous desaturation are common during the first five days after severe head injury, and that these episodes are the result of both systemic and cerebral causes, some of which are treatable. The occurrence of jugular venous desaturation is strongly associated with a poor neurological outcome. Although a cause and effect relationship with outcome cannot be established in the present study, it is reasonable to hypothesise that monitoring SjvO2 might allow early identification and therefore treatment of a number of causes of secondary injury to the brain.
